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5HDFKLQJWRJUDVSDQGOLIW DQ REMHFW XQGHUSLQV PDQ\
DFWLYLWLHVRIGDLO\ OLYLQJ7KHUHKDVEHHQ OLWWOHV\VWHPDWLFVWXG\
RIWKLVEHKDYLRULQROGHUDGXOWV7KLVLVGHHSO\GLVDSSRLQWLQJDV
PDQ\ROGHUDGXOWVKDYHSUREOHPVVDIHO\JUDVSLQJREMHFWVDQG
DQ LQFUHDVHGXQGHUVWDQGLQJRI WKHXQGHUO\LQJGLIILFXOWLHVPLJKW
DOORZ WKHPDQXIDFWXUHRIREMHFWVEHWWHUVXLWHG WRROGHUKDQGV
5HDFKLQJDQGJUDVSLQJDQREMHFWLVLQWHJUDOWRPDQ\µ$FWLYLWLHV
RI 'DLO\ /LYLQJ¶ >@ &RQGLWLRQV VXFK DV VWURNH DQG DUWKULWLV
KDYH DQ REYLRXV LPSDFW RQ JUDVSLQJ EXW HYHQ KHDOWK\ DJLQJ
UHGXFHV KDQG IXQFWLRQ DQG WKLV FDQ OLPLW LQGHSHQGHQFH >@
*ULSVWUHQJWKGHFOLQHVZLWKDJH>±@WKRXJKROGHUDGXOWVRIWHQ
DSSO\JUHDWHUIRUFHWRJUDVSDQREMHFW>@7KHVHILQGLQJVUDLVH
TXHVWLRQVUHJDUGLQJWKHPRYHPHQWVJHQHUDWHGE\ROGHUDGXOWV
DVWKH\UHDFKWRJUDVSREMHFWV± LHEHIRUHWKHSRLQWDWZKLFK
IRUFHVDUHDSSOLHGWRREMHFWV
7KH SUHFRQWDFW SKDVH RI UHDFKLQJWRJUDVS LQYROYHV WZR
LPSRUWDQW DFWLRQV WDUJHWLQJ SRVLWLRQLQJ WKH ILQJHUWLSV LQ WKH
ULJKW SODFH WR JUDVS WKH REMHFW >@ DQG FROOLVLRQ DYRLGDQFH
HQVXULQJ WKDW WKH ILQJHUV GR QRW NQRFN WKH REMHFW RYHU ZKLOH
EHLQJSRVLWLRQHG >@7KHSUHFLVHFRQILJXUDWLRQRI WKH UHDFK
WRJUDVSEHKDYLRXULVWDLORUHGWRWKHREMHFWODUJHUREMHFWVHOLFLW
SDOPDUJUDVSVDQGVPDOOHUREMHFWVSURGXFHSUHFLVLRQJULSV>@
7KH SUHFLVLRQ JULS >@ GHVFULEHV JUDVSLQJ DQ REMHFW EHWZHHQ
IRUHILQJHUDQG WKXPEDQG LVFHQWUDO WRPDQ\DFWLYLWLHVRIGDLO\
OLYLQJ HJ SLFNLQJ XS D SHQ 5HDFKLQJWRJUDVS ZLWK D
SUHFLVLRQ JULS VKRZV VWHUHRW\SLFDO SDWWHUQV LQ \RXQJ
QHXURORJLFDOO\ LQWDFW DGXOWV 7KH KDQG DFFHOHUDWHV WR D SHDN
VSHHG ZLWK WKH IRUHILQJHU DQG WKXPE VHSDUDWLQJ WR FUHDWH D
µJULS DSHUWXUH¶ 3HDN VSHHG LV VFDOHG WR WKH GLVWDQFH RI WKH
REMHFWZLWKKLJKHUSHDNVSHHGDVVRFLDWHGZLWKIXUWKHUREMHFWV
7KHKDQGWKHQGHFHOHUDWHVDVLWDSSURDFKHVWKHREMHFWDWZKLFK
SRLQW WKH JULS DSHUWXUH UHDFKHV LWV PD[LPXP DQG EHJLQV WR
FORVH0D[LPXPJULSDSHUWXUHLVJHQHUDOO\VFDOHGWRREMHFWVL]H
VXFK WKDW LW LV DOZD\V VOLJKWO\ ODUJHU WKDQ WKH REMHFW LWVHOI
DOORZLQJ WKH ILQJHUV WR FORVH DURXQG WKH REMHFW UDWKHU WKDQ
FROOLGLQJZLWK LWDQG WHQGV WRRFFXU ODWHU LQ WKHPRYHPHQW IRU
ODUJHUREMHFWV>±@0RQ:LOOLDPVDQG%LQJKDP>@VKRZHG
WKDW WKH SK\VLFDO SURSHUWLHV RI DQ REMHFW LQIOXHQFH WKH
TXDOLWDWLYH VSDWLDO VWUXFWXUH RI UHDFKWRJUDVS PRWLRQV DQG
LGHQWLILHG WZR GLVWLQFW VWUDWHJLHV WR JUDVS DQ REMHFW D µVWRS¶
PRWLRQ ZKHUH WKH KDQG UHDFKHV WKH REMHFW WKHQ SDXVHV WR
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
SRVLWLRQ WKH ILQJHUV DQG D µIO\WKURXJK¶ PRYHPHQW ZKHUH WKH
KDQGUHDFKHVDQGJUDVSVWKHREMHFWZLWKRXWDSDXVH
)ODWWHUV HW DO >@ LQYHVWLJDWHG WKH VWUDWHJLHV LGHQWLILHG E\
0RQ:LOOLDPVDQG%LQJKDP>@LQRUGHUWRH[SORUHWKHHIIHFWRI
REMHFWWH[WXUHRQUHDFKWRJUDVSEHKDYLRXU,QWKH)ODWWHUVHWDO
>@ VWXG\ SDUWLFLSDQWV UHDFKHGWRJUDVS REMHFWV ZLWK WKUHH
GLIIHUHQW VXUIDFH WH[WXUHV 7H[WXUH ZDV PDQLSXODWHG EHFDXVH
GLIIHUHQW FRHIILFLHQWV RI IULFWLRQ DOWHU WKH VDIHW\ PDUJLQV RI
UHDFKWRJUDVSWDVNV0DQXDOO\VHFXULQJDQREMHFWUHTXLUHVWKH
IULFWLRQDO IRUFH WREHJUHDWHU WKDQ WKH WDQJHQWLDO FRPSRQHQWRI
REMHFWZHLJKWDWWKHLQWHUIDFHEHWZHHQWKHGLJLWVDQGWKHREMHFW
>@ $ FXUYHG JUDVS VXUIDFH UHVXOWV LQ D µFRQH RI IULFWLRQ¶
VSHFLI\LQJWKHVSDWLDO]RQHLQZKLFKWKHGLJLWVPXVWDSSO\IRUFH
IRU D VWDEOH JUDVS $ GHFUHDVH LQ WKH FRHIILFLHQW RI IULFWLRQ
FDXVHVDUHGXFWLRQLQWKHVL]HRIWKH]RQH7KXVORZHUIULFWLRQ
VXUIDFHVGHFUHDVHWKHVDIHW\PDUJLQVRIWKHWDVN,WVKRXOGDOVR
EHQRWHGWKDW LQFUHDVLQJWKHZLGWKRIWKHREMHFWGHFUHDVHVWKH
VDIHW\PDUJLQVEHFDXVHRIWKHDQDWRPLFDOOLPLWRIKRZZLGHWKH
KDQGFDQRSHQ WKHPD[LPXPJULSDSHUWXUH >@ ,Q OLQHZLWK
WKLVDQDO\VLVRIWDVNFRQVWUDLQWV)ODWWHUVHWDO>@VKRZHGWKDW
D ORZ IULFWLRQ VOLSSHU\ VXUIDFH DOPRVW LQHYLWDEO\ FDXVHG
SDUWLFLSDQWVWRVWRSWKHLUKDQGPRYLQJIRUZDUGEHIRUHDQREMHFW
ZDVVHFXUHGEHWZHHQWKHLQGH[ILQJHUDQGWKHWKXPEDQGWKHQ
OLIWHG IURP WKH WDEOHWRS ,Q RWKHU ZRUGV WKH SURSRUWLRQ RI IO\
WKURXJK PRYHPHQWV ZDV UHGXFHG ZKHQ WKH FRHIILFLHQW RI
IULFWLRQ GHFUHDVHG /LNHZLVH 0RQ:LOOLDPV DQG %LQJKDP >@
IRXQG WKDW LQFUHDVLQJ WKH ZLGWK RI WKH REMHFWV FDXVHG D
GHFUHDVH LQ WKHSURSRUWLRQRI IO\ WKURXJKPRYHPHQWV)ODWWHUV
HW DO >@ IRXQG WKDW ZLGWK DQG IULFWLRQ FRHIILFLHQW LQWHUDFWHG
VXFKWKDWWKHZLGHUWKHREMHFWWKHPRUHGLIILFXOWLWLVWRJUDVSDV
WKHFRHIILFLHQWRIIULFWLRQGHFUHDVHG
0RQ:LOOLDPVDQG%LQJKDP>@UHODWHGWKHVDIHW\PDUJLQVRI
WKH UHDFKWRJUDVS WDVN WR KDQG VL]H 7KLV UHODWLRQVKLS ZDV
GHULYHG ZLWKLQ WKH WKHRUHWLFDO IUDPHZRUN RI µDIIRUGDQFH
SHUFHSWLRQ¶ >@ $IIRUGDQFHV FDQ EH GHILQHG DV DUH
GLVSRVLWLRQDO SURSHUWLHV WKDW UHODWH WKH SHUVSHFWLYH RI WKH
UHOHYDQW DFWLRQ WR WKH FRUUHVSRQGLQJ SURSHUWLHV RI WKH DFWRU
>@0RQ:LOOLDPVDQG%LQJKDP >@DUJXHG WKDW WKH UHOHYDQW
SURSHUW\RIWKHDFWRU LQDUHDFKWRJUDVSWDVNLVWKHRSSRVLWLRQ
D[LVRUYHFWRU,EHUDOOHWDO>@LQWURGXFHGWKHµRSSRVLWLRQD[LV¶
DV D XQLW RI DQDO\VLV IRU UHDFKWRJUDVS DFWLRQV 7KH D[LV
H[WHQGV EHWZHHQ WKH RSSRVLQJ WKXPE DQG ILQJHUV DQG LV
SODFHGWKURXJKDQREMHFWUHODWLYHWRWKHREMHFW¶VFHQWUHRIPDVV
WR \LHOG VWDEOH JUDVSLQJ 9DQ %HUJHQ HW DO >@ UHILQHG WKH
FRQFHSW RI WKH µRSSRVLWLRQ D[LV¶ DQG VXJJHVWHG LW VKRXOG EH
FRQFHSWXDOLVHG DV DQ µRSSRVLWLRQ YHFWRU¶ 7KH PD[LPXP
PDJQLWXGH RI WKH RSSRVLWLRQ YHFWRU LV D IXQFWLRQ RI KDQG VL]H
ZKLFKLVZK\0RQ:LOOLDPVDQG%LQJKDP>@UHODWHGWKLVIDFWRU
WR WKH WDVN VDIHW\ PDUJLQV %XW ZKLOVW KDQG DQDWRP\ VHWV DQ
DEVROXWH OLPLW RQ WKH PD[LPXP PDJQLWXGH PD[LPXP JUDVS
DSHUWXUHLVQRWDVLPSOHIXQFWLRQRIKDQGVL]H0D[LPXPJUDVS
DSHUWXUH LV DGGLWLRQDOO\ D IXQFWLRQ RI WKH H[WHQW WR ZKLFK DQ
LQGLYLGXDO KDV WKH DELOLW\ WR XVH WKHLU DQDWRPLFDO VSDQ WR
SRVLWLRQWKHLUGLJLWVWRREWDLQDVWDEOHJUDVS7KXVDUHGXFWLRQ
LQMRLQWIOH[LELOLW\IRUH[DPSOHZLOOGHFUHDVHWKHDYDLODEOHUDQJH
RI SRVLWLRQDO DGMXVWPHQWV DQG WKHUHE\ GLPLQLVK WKH VDIHW\
PDUJLQVZKHQJUDVSLQJDJLYHQREMHFW
7KH SUHFHGLQJ FRQVLGHUDWLRQ VXJJHVWV WKDW WKH VDIHW\
PDUJLQV RI WKH WDVN ZLOO EH UHODWHG WR IDFWRUV VXFK DV WKH
IOH[LELOLW\ RI WKH ILQJHU MRLQWV 7KH SUHVHQW VWXG\ FRPSDUHV WKH
UHDFKWRJUDVS DFWLRQV RI ROGHU SDUWLFLSDQWV ZLWK WKRVH RI
\RXQJHU SDUWLFLSDQWV :H K\SRWKHVLVHG WKDW SK\VLRORJLFDO
DOWHUDWLRQVLQWKHKDQGDVVRFLDWHGZLWKROGHUDJHUHGXFHGMRLQW
IOH[LELOLW\ ZRXOG SURGXFH FKDQJHV LQ UHDFKWRJUDVS
PRYHPHQWV 6WDQGDUG NLQHPDWLF PHDVXUHV ZHUH WDNHQ ZKLOH
REMHFWVL]HREMHFWSRVLWLRQDQGREMHFWWH[WXUHZHUHYDULHG:H
ZHUHSDUWLFXODUO\ LQWHUHVWHG LQ WKH LPSDFWRID URXJKHU KLJKHU
IULFWLRQ WH[WXUH VLQFH WKLV REMHFW SURSHUW\ FRXOG EH XVHG WR
LPSURYHWKHGHVLJQRIREMHFWVVRWKDW WKH\DUHEHWWHUVXLWHGWR
DQ ROGHU SRSXODWLRQ DV GHWHUPLQHG RQ WKH EDVLV RI HPSLULFDO
PHDVXUHV
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7ZRJURXSVRIWZHOYHXQSDLGSDUWLFLSDQWVZHUHUHFUXLWHGDQ
ROGHUJURXSIHPDOHDJHPHDQ\HDUVDJHUDQJH±
\HDUV UHSRUWHG ULJKWKDQGSUHIHUHQFHDQGD\RXQJHU
JURXS  IHPDOH DJH PHDQ  \HDUV DJH UDQJH ±
\HDUV  UHSRUWHG ULJKW KDQG SUHIHUHQFH 7KH ROGHU DGXOWV
ZHUH DFWLYH PHPEHUV LQ WKH <RUNVKLUH DQG +XPEHU UHJLRQ RI
WKH8QLYHUVLW\RI WKH7KLUG$JH$VVXFK WKHSDUWLFLSDQWVZHUH
SK\VLFDOO\DFWLYHLQGHSHQWO\OLYLQJDQGLQFRQWLQXLQJHGXFDWLRQ
$OO SDUWLFLSDQWV KDG QRUPDO RU FRUUHFWHGWRQRUPDO YLVLRQ DQG
QRKLVWRU\RIQHXURORJLFDOGHILFLW0D[LPXPSLQFKJULSDSHUWXUH
ZDVPHDVXUHG IRUHDFKSDUWLFLSDQW IRU WKHROGHUJURXSPHDQ
 FP UDQJH ± FP IRU WKH \RXQJHU JURXS PHDQ
FPUDQJH±FP$OOSDUWLFLSDQWVSURYLGHGZULWWHQ
LQIRUPHGFRQVHQWSULRUWRLQFOXVLRQLQWKHVWXG\7KHVWXG\ZDV
DSSURYHGE\WKH8QLYHUVLW\RI/HHGV,36HWKLFVFRPPLWWHHDQG
ZDV SHUIRUPHG LQ DFFRUGDQFH ZLWK WKH HWKLFDO VWDQGDUGV ODLG
GRZQLQWKH'HFODUDWLRQRI+HOVLQNL
3DUWLFLSDQWVZHUHDVNHGZKLFKKDQGZDVWKHLUSUHIHUUHGKDQG
LQGH[HG E\ KDQG XVHG IRU ZULWLQJ DQG WKURZLQJ D EDOO :LWK
WKHLU SUHIHUUHG KDQG SDUWLFLSDQWV ZHUH DVNHG WR UHDFKJUDVS
DQGOLIW VSHFLDOO\ PDQXIDFWXUHG REMHFWV SODVWLF EODFN Q\ORQ
F\OLQGHUV PP GLDPHWHU PRXQWHG RQ ZRRGHQ EORFNV WKH
VL]H RI WKH PRXQWLQJ EORFN ZDV SURSRUWLRQDO WR WKH F\OLQGHU
OHQJWK7KHHQGVRIHDFKSODVWLFF\OLQGHUZHUHPDFKLQHGWRD
PPUDGLXV3DUWLFLSDQWVJUDVSHGWKHFXUYHGHQGIDFHVRIWKH
F\OLQGHU EHWZHHQ WKH WKXPE DQG LQGH[ ILQJHU WKXV WKH WKUHH
OHQJWKVRIWKHF\OLQGHUDQGFPUHSUHVHQWHGWKHQDUURZ
PHGLXP DQG ZLGH VWLPXOXV ³ZLGWKV´ UHVSHFWLYHO\ )RU HDFK RI
WKH WKUHH VWLPXOXV ZLGWKV WKHUH ZHUH WZR GLIIHUHQW ILQLVKHV
DSSOLHGWRWKHJUDVSVXUIDFHVVXFKWKDWWZRGLVWLQFWFRHIILFLHQWV
RI IULFWLRQ ZRXOG EH JHQHUDWHG +LJK ȝ+ DQG /RZ ȝ/ 7KH
KLJKIULFWLRQ VXUIDFH ȝ+ ZDV JHQHUDWHG E\ VWLFNLQJ FRDUVH
JUDGH VDQGSDSHU $OXPLQLXP 2[LGH 3 WR WKH JUDVS
VXUIDFHV7KH ORZIULFWLRQFRQGLWLRQ ȝ/ZDVDFKLHYHG WKURXJK
WKH DSSOLFDWLRQ RI SHWUROHXP MHOO\ 9DVHOLQH 8QLOHYHU ZLWK D
VRIWEULVWOHGEUXVK WR WKHSDUWLFLSDQWV¶ ILQJHUWLSVDQG WKHJUDVS
VXUIDFHV RI WKH VWLPXOXV EHWZHHQ WULDOV RI WKLV FRQGLWLRQ
DSSOLFDWLRQZDVUHSHDWHGRQDOWHUQDWHWULDOV
7R HQVXUH D FRQVLVWHQW VWDUWLQJ SRVLWLRQ WKH SDUWLFLSDQWV
SLQFKHGDUDLVHGRULJLQPDUNHUSRVLWLRQHGFPIURPWKHIURQW
HGJH RI WKH VWXG\ WDEOH SULRU WR WKH VWDUW RI HDFK WULDO 7KH
*UDVSLQJ%HKDYLRXULQ2OGHU$GXOWV
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REMHFWVZHUHSODFHGDWGLVWDQFHVRIDQGFPEH\RQG
WKH RULJLQ SRLQW LQ OLQH ZLWK WKH PLGOLQH RI WKH SDUWLFLSDQW
3DUWLFLSDQWV ZHUH LQVWUXFWHG WR UHDFK DQG JUDVS WKH REMHFW DV
TXLFNO\DQGDVDFFXUDWHO\DVSRVVLEOHEHWZHHQWKHSDGVRIWKH
IRUHILQJHUDQGWKXPEOLIWWKHVWLPXOXVIURPWKHWDEOHDQGKROGLW
LQ D VWDWLF UDLVHG SRVLWLRQ XQWLO WROG WR ORZHU WKH REMHFW WR WKH
WDEOHDQGUHWXUQWRWKHVWDUWSRVLWLRQLQSUHSDUDWLRQIRUWKHQH[W
WULDO
7KH IDFWRUV RI REMHFW ZLGWK DQG GLVWDQFH ZHUH DOWHUHG LQ D
SVHXGRUDQGRPLVHG RUGHU 7ULDOV ZHUH EORFNHG DQG
FRXQWHUEDODQFHG RQ WKH IDFWRU RI VXUIDFH IULFWLRQ FRHIILFLHQW
7KH WKUHH REMHFW ZLGWKV WKUHH REMHFW GLVWDQFHV DQG WZR
FRHIILFLHQWVRIIULFWLRQUHSUHVHQWHGFRQGLWLRQVHDFKRIZKLFK
ZDVUHSHDWHGWLPHVUHVXOWLQJLQDWRWDORIWULDOV7KHWHVW
VHVVLRQ W\SLFDOO\ ODVWHG  PLQXWHV 7ULDO UHSHWLWLRQ FULWHULD
LQFOXGHGLIDLOXUHWRJULSWKHVWLPXOLRQWKHLQVWUXFWHGVXUIDFH
LL LQDELOLW\ WR DFKLHYH VWDEOH VWDWLF JULS RI WKH VWLPXOL LLL
NQRFNLQJ WKH VWLPXOL RYHU LY GURSSLQJ WKH REMHFW SULRU WR RU
VKRUWO\DIWHU WKHYHUEDO UHWXUQFRPPDQG)ROORZLQJ IDLOXUHRID
WULDO WKH FRQGLWLRQ XQGHU ZKLFK IDLOXUH RFFXUUHG ZDV UHFRUGHG
DQGWKHSDUWLFLSDQWUHWXUQHGWRWKHRULJLQDQGUHSHDWHGWKHWHVW
)RU PXOWLSOH WULDO IDLOXUHV WKLV ZDV UHSHDWHG XQWLO  WULDOV IRU
HDFKFRQGLWLRQZHUHFRPSOHWH7KHGHJUHHRIKDQGHGQHVVZDV
QRWLQFOXGHGLQWKHDQDO\VLV
.LQHPDWLFGDWDDFTXLVLWLRQZDVSHUIRUPHGXVLQJDQ2SWRWUDN
 PRWLRQ WUDFNLQJ V\VWHP 1RUWKHUQ 'LJLWDO 2QWDULR
&DQDGD 7KH SRVLWLRQV RI IRXU ,QIUD 5HG (PLWWLQJ 'LRGHV
,5('V ZHUH DFTXLUHG DW +] IRU IRXU VHFRQGV IRU WKH ȝ+
DQGIRUILYHVHFRQGVRQWKHȝ/FRQGLWLRQVEHFDXVHWKHUHGXFHG
IULFWLRQ VXUIDFH WRRN ORQJHU WR SLFN XS 7KH ILUVW WZR PDUNHUV
ZHUHDWWDFKHG WR WKH UHDFKLQJKDQGDW WKH LQGH[ ILQJHU GLVWDO
PHGLDOFRUQHURIWKHILQJHUDQGWKHWKXPEGLVWDOODWHUDOFRUQHU
RI WKH WKXPE 7KHVH PDUNHUV ZHUH XVHG WR PHDVXUH JULS
DSHUWXUH7KHWKLUGPDUNHUZDVSODFHGRQWKHVW\ORLGSURFHVVRI
WKH ZULVW WR SURYLGH DQ LQGHSHQGHQW PHDVXUH RI KDQG
PRYHPHQW$IRXUWKPDUNHUZDVSODFHGRQWKHZRRGHQEORFNRI
WKH VWLPXOXV WR LGHQWLI\ ZKHQ WKH REMHFW ZDV OLIWHG RII WKH
WDEOHWRS $OO GDWD ZHUH ILOWHUHG XVLQJ D GXDOSDVV %XWWHUZRUWK
VHFRQGRUGHUILOWHUZLWKDFXWRIIIUHTXHQF\RI+]HTXLYDOHQW
WRD IRXUWKRUGHU ]HURSKDVH ODJ ILOWHURI+]7KHVSHHGRI
WKHZULVW ,5('DQG WKHDSHUWXUHZDVFRPSXWHGDQG WKHRQVHW
DQG RIIVHW RI PRYHPHQW ZDV HVWLPDWHG XVLQJ D VWDQGDUG
DOJRULWKPWKUHVKROGIRUPRYHPHQWRQVHWDQGRIIVHWZDVFPV
DVSHU0XQUR3OXPE:LOVRQ:LOOLDPVDQG0RQ:LOOLDPV>@
&XVWRPDQDO\VLVURXWLQHVZHUHXVHGWRFRPSXWHWKHGHSHQGHQW
YDULDEOHV RI LQWHUHVW LQ WKLV VWXG\ )LJXUH  $ ZULVW PDUNHU
YHORFLW\UDLVLQJDERYHDQGIDOOLQJEHORZFPVZDVXVHGDVWKH
WKUHVKROG VSHHG GHILQLQJ WKH RQVHW DQG RIIVHW RI PRYHPHQWV
UHVSHFWLYHO\6LPLODUO\WKHFULWHULRQIRURQVHWDQGWHUPLQDWLRQRI
WKH JUDVS FORVXUH ZDV ZKHQ UHODWLYH ILQJHU VSHHG DSHUWXUH
RSHQFORVXUH UDWH GURSSHG DERYH DQG EHORZ  FPV
UHVSHFWLYHO\ 7KH REMHFW¶V µWLPHWROLIW¶ ZDV GHVLJQDWHG DW WKH
SRLQW ZKHQ WKH IRXUWK ,5('¶V YHORFLW\ H[FHHGHG  FPV :H
GHVLJQDWHG PRYHPHQWV DV µVWRS¶ ZKHQ WKH ZULVW VWRSSHG
PRYLQJSULRUWRPRYHPHQWRIWKHREMHFWDQGµIO\WKURXJK¶ZKHQ
ZULVWPRYHPHQWVWRSSHGDIWHUWKHREMHFWZDVOLIWHGVHH)LJXUH
 ,Q VWRS WULDOV ZH FDOFXODWHG WKH µGZHOO WLPH¶ ZKLFK ZDV
GHILQHGDV WKH WHPSRUDOGLIIHUHQFHEHWZHHQ WKHZULVWVWRSSLQJ
IRUZDUGPRYHPHQWDQGWKHREMHFWEHLQJ OLIWHG0RYHPHQW WLPH
ZDV GHILQHG DV WKH GXUDWLRQ EHWZHHQ WKH RQVHW RI ZULVW
PRYHPHQW DQG WKH RQVHW RI WKH REMHFW PRYLQJ 7LPH WR SHDN
VSHHGW36ZDVGHILQHGDVWKHHODSVHGWLPHLQWKHSUHFRQWDFW
PRYHPHQW IURP WKH ZULVW UHDFKLQJ WKUHVKROG VSHHG DQG WKH
WLPH WDNHQ WR UHDFK SHDN VSHHG 7R HQVXUH WKDW DQ\ DJH
GLIIHUHQFHV LQ W36 ZHUH QRW SXUHO\ D IXQFWLRQ RI PRYHPHQW
GXUDWLRQ W36 ZDV QRUPDOLVHG DJDLQVW PRYHPHQW GXUDWLRQ WR
REWDLQQRUPDOLVHGWLPHWR3HDN6SHHGQW36FDOFXODWHGDVWKH
UDWLRRIWRWDOSUHFRQWDFWPRYHPHQWWLPHWRWLPHWRSHDNVSHHG
$OOSDUWLFLSDQWVPDQDJHGWRJUDVSDQGOLIWWKHREMHFWVZLWKWKH
KLJK IULFWLRQFRHIILFLHQWVPRVWRI WKH WLPHPHDQ IDLOXUHDFURVV
ERWKJURXSVDQGDOOZLGWKV IRU WKHKLJK IULFWLRQFRHIILFLHQWZDV
 ,Q FRQWUDVW WKH ORZ IULFWLRQ FRQGLWLRQ FDXVHG JUHDWHU
GLIILFXOWLHV DQG WKH SHUFHQWDJH RI IDLOHG WULDOV YDULHG DV D
IXQFWLRQRIFRQGLWLRQDQGJURXS)LJXUHDVRZHH[SORUHGWKLV
VWDWLVWLFDOO\ %HFDXVH ZH KDG QR FRPSOHWH NLQHPDWLF GDWD IRU
IDLOHG WUDLOVZH UHVWULFWHGRXUNLQHPDWLFFRPSDULVRQVEHWZHHQ
WKH JURXSV WR WKH KLJK IULFWLRQ FRQGLWLRQ &RPSDULVRQV ZHUH
PDGH RQ VL[ NLQHPDWLF PHDVXUHV SHDN VSHHG WLPH WR SHDN
VSHHGPD[LPXPJULSDSHUWXUHSURSRUWLRQRIµVWRS¶PRYHPHQWV
GZHOO WLPH DQG PRYHPHQW WLPH 7KH DYHUDJH YDOXH DFURVV
WULDOV ZDV FDOFXODWHG IRU HDFK SDUWLFLSDQW IRU HDFK FRQGLWLRQ
DQGDVHSDUDWHPL[HG$129$GLVWDQFH[REMHFWZLGWK[
DJH  ZDV FDUULHG RXW RQ HDFK NLQHPDWLF PHDVXUH 3DUWLDO
HWDVTXDUHGȘSYDOXHVDUHUHSRUWHGIRUVWDWLVWLFDOO\VLJQLILFDQW
ILQGLQJV7KHGDWDZHUH WHVWHG IRUYLRODWLRQVRIVSKHULFLW\DQG
ZKHUHWKHDVVXPSWLRQRIVSKHULFLW\ZDVQRWPHW*UHHQKRXVH
*HLVVHUFRUUHFWLRQVRIHSVLORQİZHUHDSSOLHG WR WKHGHJUHHV
RIIUHHGRP
5HVXOWV
/RZ)ULFWLRQREMHFWV3URSRUWLRQRI7ULDO)DLOXUHV
7KHQXPEHURIGURSSHGVOLSSHU\REMHFWVZDVFDOFXODWHGDVD
SHUFHQWDJHRIWKHPD[LPXPDOORZHGGURSVEHIRUHWKHFRQGLWLRQ
ZDV DEDQGRQHG PD[  DWWHPSWV 7KHUH ZDV D VLJQLILFDQW
REMHFWZLGWK[DJHLQWHUDFWLRQ) Sİ 
 ȘS    )LJXUH D ZLWK WKH ZLGH VOLSSHU\ REMHFW
FDXVLQJWKHROGHUDGXOWVGLVSURSRUWLRQDWHGLIILFXOW\7KHUHZHUH
QRRWKHULQWHUDFWLRQV
+LJK)ULFWLRQREMHFWV0RYHPHQW7LPH07
7KHUH ZDV D VLJQLILFDQW PDLQ HIIHFW RI GLVWDQFH )  
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VLJQLILFDQW PDLQ HIIHFW RI REMHFW ZLGWK 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ȘS 7KHUHZDVDVLJQLILFDQWHIIHFWRIDJH)
   S   ȘS    ZLWK LQFUHDVHG 07 IRU ROGHU
SHRSOHEXWQRVLJQLILFDQWLQWHUDFWLRQV
+LJK)ULFWLRQREMHFWV3URSRUWLRQRIµVWRS¶PRYHPHQWV
DQGGZHOOWLPH
$KLJKHUSURSRUWLRQRIUHDFKHVPDGHE\ROGHUDGXOWVVWRSSHG
PRYLQJSULRUWROLIWLQJFRPSDUHGWRWKH\RXQJ) 
SȘS )LJXUHGEXWWKLVGLGQRWFKDQJHDFURVV
GLVWDQFH) S İ RUZLGWK) 
S )RUWKRVHUHDFKHVWKDWGLGVWRSWKHUHZDVQR
*UDVSLQJ%HKDYLRXULQ2OGHU$GXOWV
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HIIHFWRQGZHOOWLPHRIDJHGLVWDQFHRUREMHFWZLGWK7KHUHZDV
DQDJH[ZLGWKLQWHUDFWLRQ) Sİ 
)LJXUH F ZKLFK UHIOHFWV ROGHU DGXOWV WDNLQJ ORQJHU WR DGMXVW
KDQGSRVLWLRQDURXQGZLGHUREMHFWV
+LJK)ULFWLRQREMHFWV0D[LPXP*ULS$SHUWXUH0*$
7KHUH ZDV DQ LQWHUDFWLRQ EHWZHHQ REMHFW ZLGWK DQG
SDUWLFLSDQWDJHRQPD[LPXPJULSDSHUWXUH) S
 ȘS  )LJXUHH ,QVSHFWLRQRI WKH UHVXOWV VKRZHG
WKDW WKH LQWHUDFWLRQZDVGULYHQE\DOO SDUWLFLSDQWV VFDOLQJ WKHLU
JUDVSDSHUWXUHWRWKHREMHFWZLGWKVEXWWKH\RXQJHUSDUWLFLSDQWV
VKRZLQJ D ODUJHU 0*$ IRU WKH QDUURZ REMHFW 7KLV FDQ EH
H[SODLQHG E\ WKH IDVWHU DSSURDFK VSHHG RI WKH \RXQJHU
SDUWLFLSDQWV UHTXLULQJ D JUHDWHU VDIHW\ PDUJLQ SURYLGHG E\ D
ODUJHUDSHUWXUH7KHUHZDVDOVRDQLQWHUDFWLRQEHWZHHQREMHFW
ZLGWKDQGUHDFKGLVWDQFHRQPD[LPXPJULSDSHUWXUH) 
SȘS 7KLVZDVFDXVHGE\DGHFUHDVHG
DSHUWXUH IRU WKH QDUURZ REMHFWV ZKHQ SRVLWLRQHG IXUWKHU DZD\
EXWQRHIIHFWRIGLVWDQFHZLWKWKHZLGHUREMHFWV7KHFRPELQHG
HIIHFWV GHVFULEHG EHWZHHQ ZLGWK DQG GLVWDQFH DQG ZLGWK DQG
DJH FRPELQHG WR SURGXFH D WKUHH ZD\ LQWHUDFWLRQ )  
SȘS 
+LJK)ULFWLRQREMHFWV3HDN6SHHG36DQGQRUPDOLVHG
WLPHWR3HDN6SHHGQW36
3HDNVSHHG36VKRZHGDVLJQLILFDQWREMHFWGLVWDQFHîDJH
LQWHUDFWLRQWKDWUHIOHFWVWKHUHGXFHGVFDOLQJRIPRYHPHQWVSHHG
E\ ROGHU DGXOWV WR PRUH GLVWDQW REMHFWV )    S 
ȘS )LJXUHI7KHUHZDVDVLJQLILFDQWLQWHUDFWLRQ
EHWZHHQREMHFWZLGWKDQGDJH) SȘS 
)LJXUHJ:KLOH WKHUHZHUHQRV\VWHPDWLFGLIIHUHQFHV
EHWZHHQ 36 DFURVV REMHFW ZLGWKV WKH \RXQJ UHGXFHG 36
VOLJKWO\ IRU PHGLXP ZLGWK REMHFWV ZKHUHDV ROGHU DGXOWV
)LJXUH   .LQHPDWLF SURILOHV IRU VWRS DQG µRQWKHIO\¶ SUHKHQVLRQ PRYHPHQWV 8SSHU $ YHORFLW\ SURILOH W\SLFDO RI D VWRS
PRYHPHQWWKHKDQGLVLQWKHWUDQVSRUWSKDVHZLWKWKHZULVW,5('UHDFKLQJSHDNYHORFLW\DVWKHKDQGDQGILQJHUVDSSURDFKWKH
REMHFWWKHKDQGYHORFLW\GURSVEHORZWKHWKUHVKROGYHORFLW\9WKDQGUHPDLQVEHORZWKUHVKROGYHORFLW\RUVWRSVIRUDSHULRG7':
XSRQVXFFHVVIXODSSOLFDWLRQRIWKHJULSERWKWKHZULVWDQGREMHFWPDUNHUVPRYHLQXQLVRQDVSDUWRIDVHFRQGGLVWLQFWPRYHPHQW
PRYHPHQWFRPSOHWH±KDQGDQGREMHFWYHORFLW\WHQGVWR]HUR7LPHWR3HDN6SHHGW36LVGHILQHGDVWKHWLPHEHWZHHQWKHZULVW
PDUNHU PRYLQJ DERYH 9WK DQG DFKLHYLQJ SHDN VSHHG 0RYHPHQW WLPH LV GHILQHG DV WKH WLPH HODSVHG EHWZHHQ WKH ZULVW PDUNHU
DFKLHYLQJ9WKDQGWKHREMHFWPDUNHUDFKLHYLQJ9WKKHUHUHSUHVHQWHGLQWKHVWRSPRYHPHQWVFHQDULR/RZHU$YHORFLW\SURILOHW\SLFDO
RIDµIO\WKURXJK¶PRYHPHQWWKHKDQGLVLQWUDQVSRUWSKDVHWRZDUGWKHREMHFWDVWKHILQJHUVFRQWDFWWKHREMHFWWKHZULVW,5('
YHORFLW\LVPDLQWDLQHGDERYHWKHWKUHVKROGYHORFLW\9WKDVWKHREMHFWLVJULSSHGWKHKDQGDQGREMHFWFRQWLQXHWRPRYHLQXQLVRQ
ZKLOHWKHZULVW,5('YHORFLW\UHPDLQVDERYHWKHWKUHVKROGYHORFLW\PRYHPHQWFRPSOHWHKDQGDQGREMHFWYHORFLW\WHQGVWR]HUR
0RYHPHQWWLPHLVGHILQHGDVWKHWLPHHODSVHGEHWZHHQWKHZULVWPDUNHUDFKLHYLQJ9WKDQGWKHREMHFWPDUNHUDFKLHYLQJ9WKKHUH
UHSUHVHQWHGLQWKHIO\WKURXJKPRYHPHQWVFHQDULR
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ZKHUHNH\VLJQLILFDQWGLIIHUHQFHVZHUHIRXQGEHWZHHQROGHUDQG\RXQJHUJURXSVDVDIXQFWLRQRIREMHFWZLGWKOHIWSDQHODQGREMHFW
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LQFUHDVHG 36 IRU PHGLXP ZLGWK REMHFWV 7KHUH ZDV QR
VLJQLILFDQWWKUHHZD\LQWHUDFWLRQ
:HH[DPLQHGWKHWLPHDWZKLFKSHDNVSHHGRFFXUUHGGXULQJ
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EHWZHHQ GLVWDQFH DQG DJH )   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FDXWLRXV VWUDWHJ\ XVLQJ VORZHU PRYHPHQWV ZLWK SHDN VSHHG
UHDFKLQJDPD[LPXPHDUOLHU LQWKHPRYHPHQWDQGVRD ORQJHU
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DUHZHOOGRFXPHQWHG>@DQGRWKHU WDVNYDULDWLRQVDUHNQRZQ
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1HYHUWKHOHVV RWKHU PRWRU DQG FRJQLWLYH IDFWRUV PLJKW KDYH
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ZKHQWU\LQJWRJUDVSDQGOLIW WKHVOLSSHU\REMHFWV>@0RUH
UHVHDUFKLVUHTXLUHGWRGRFXPHQWWKHFKDQJHVWKDWRFFXULQWKH
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IXQFWLRQDO WDVNV 7KH SUHVHQW VWXG\ VXJJHVWV WKDW NLQHPDWLF
PHDVXUHV FDQ SURYLGH D SRZHUIXO WRRO IRU WKH SXUSRVH RI
H[DPLQLQJ SHUIRUPDQFH LQ IXQFWLRQDO WDVNV DQG WKHUHE\
HYDOXDWH KRZ GLIIHUHQW SURGXFW GHVLJQV FDQ VXSSRUW VDIHU
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